Glycine homopeptides are concentrated by Escherichia coli and are completely hydrolysed by intracellular peptidases. Glycine peptides in which a peptide-bond nitrogen is methylated, i.e. glycylsarcosine and glycylglycylsarcosine, still use the peptide transport systems, but the substituted peptide bonds are not hydrolysed. Glycylsarcosine is thus nutritionally inactive, but it competes with other dipeptides for uptake. Only the N-terminal residue of glycylglycylsarcosine is utilized by a glycine auxotroph. The results reflect the different specificities of the peptide transport systems and the intracellular peptidases of E. coli.
glucose; the required amino acids were supplied at 50 mg/l and thiamin at 5 mg/l. Cultures (10 ml) were inoculated with about 2 to 5 x 10' organisms taken from an exponential phase culture and were grown in 20 mm diameter tubes shaking at 37 "C; growth curves were obtained from Eje0 measurements in a Bausch and Lomb Spectronic 20.
Peptidase assays were performed using the Cu2+ + trinitrobenzene sulphonate (TNBS) procedure of Binkley, Leibach & King (1968) , described elsewhere (Payne, I 
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general, exponential-phase organisms were collected by centrifugation, washed once with distilled water, and resuspended in water to about 2.5 x 109 organisms/ml. Toluene (0.1 ml) was added to 2-5 ml of this suspension, which was mixed on a vortex mixer for three min; the suspension was then equilibrated at 37 "C for 20 min with frequent shaking. A standard test mixture of I ml comprised 7.5 mM-peptide, I mM-Co2+ or Mn2+, and 20 mwpotassium phosphate buffer, pH 7.8, equilibrated at 37 "C. The reaction was started by the addition of 0-2 ml of toluene-treated bacterial suspension and incubation was continued. Samples (0. I ml)
were removed periodically for assay by the procedure described elsewhere (Payne, 1972 b) .
Samples were also removed for electrophoretic studies.
The presence of Cu2+ in the reagent generally prevents reaction of the TNBS with peptides and yields coloured reaction products specifically with amino acids. However, glycylsarcosine gave a full colour response. This anomaly, and the fact that sarcosine (with a secondary amino group) gives no colour response, prevented application of the assay to glycylsarcosine cleavage, but did not prevent the procedure being used for assay of the competitive effects of glycylsarcosine.
Electrophoresis. Samples (0.01 ml) for electrophoresis were removed from I ml incubation mixtures containing 7-5 mM-peptide, I mM-Co2f, 20 mmpotassium phosphate buffer, pH 7.8, and toluene-treated bacterial suspension, after incubation for 2 h at 37 "C. Samples were run on a Shandon flat plate apparatus using Whatman no. I paper for 70 min, 56 volts/cm at pH 2.1 in acetic acid (8 %, v/v) and formic acid (2 %, v/v). Electrophoretograms were developed with cadmium-ninhydrin reagent (Heilmann, Barrolier & Watzke, 1957) . This reagent gave the following colours with the different peptides and amino acids which allowed unambiguous identification when relative mobilities were similar. Sarcosine and glycine stained red; diglycine, triglycine, glycylsarcosine and glycylglycylsarcosine all stained yellow changing to orange.
RESULTS

Utilization of dip ep t ides
Dipeptides with acyl substituted N-terminal a-amino groups cannot be utilized by Escherichia coli (Gilvarg & Katchalski, 1965; Payne, I971 a), whereas dipeptides with methylated N-terminal a-amino groups, e.g. sarcosylglycine, sarcosylserine are concentrated via the peptide transport system, and following cleavage by intracellular peptidases are used nutritionally. Fig. I shows that glycylsarcosine, a dipeptide with an internal N-methylated peptide bond, was unable to support growth of M-123 at any concentration tested (0.5 to 10 mM), while the structurally related dipeptides, glycylproline (I mM) (not shown) and glycylglycine (I mM), both acted as sources of the required amino acid and supported exponential growth of M-123. Glycylsarcosine did not inhibit the growth either of M-123 on media supplemented with glycine or of the wild-type strain, but failed to support growth because it was not hydrolysed, as shown by investigation of toluene-treated bacteria. The assay described previously (Payne, I972b) could readily be used to demonstrate cleavage of glycylglycine (Table I) . For the reasons given in Methods, this assay is not applicable to glycylsarcosine, but electrophoretic examination of an incubation mixture containing glycylsarcosine showed the peptide to be unhydrolysed under conditions that produced complete hydrolysis of glycylglycine and glycylproline (see Methods). The result shows the strict specificity of the intracellular dipeptidases, aminopeptidases and carboxypeptidases of Escherichia coli for non-substitution of the peptide bond in a dipeptide, and further shows that the ability of certain of these peptidases to cleave imino-peptide bonds (e.g. in glycylproline) does not extend to N-methyl peptide bonds. The absence of peptidase activity able to cleave glycylsarcosine is sufficient to explain the observed lack of growth of the glycine auxotroph. To decide if glycylsarcosine can use the dipeptide transport system, the ability of glycylsarcosine to inhibit the uptake of other dipeptides using the system was indirectly assessed. The growth of the glycine auxotroph on diglycine was inhibited by glycylsarcosine (Fig. I ) ; glycylsarcosine also inhibited the growth on glycylproline (not shown). This effect was specific for dipeptides, for similar concentrations of glycylsarcosine did not inhibit growth of M-123 on triglycine or on glycine, or growth of the wild-type strain. The observed inhibition of growth could arise from interference with either dipeptide uptake or dipeptide cleavage. The former seems more likely because in a peptidase assay using toluene-treated organisms, glycylsarcosine (7-5 mM) did not inhi bit the cleavage of diglycine (7.5 mM) ( Table I) . A similar test made use of the fact that valine is inhibitory to Escherichia coli ~1 2 (Leavitt & Umbarger, 1962) . Glycylvaline is therefore also potentially inhibitory but its inhibition can be overcome if it can be prevented either from entering the organism, or being broken down to give valine, or both (Payne, 197ra) . In such a test, glycylglycine (10 mM), glycylsarcosine and glycylproline were all to varying extents able to overcome the inhibition caused by glycylvaline (0.4 mM). These results suggest that the dipeptide transport system is able to handle dipeptides in which the peptide bond is methylated. This conclusion accords with the observed ability to handle glycylproline, in which the imino-nitrogen also lacks a hydrogen atom. With glycylsarcosine the transport capability and peptidase activity of the organism do not parallel one another; the result supports earlier reports (Kessel & Lubin, 1963 ) that peptides may be accumulated in the absence of the corresponding peptidase activity, thereby indicating that peptide transport and peptidase activity are not coupled in an obligatory manner (Sussman & Gilvarg, 1970) .
Eflects of N-methyl peptide bonds
Utilization of oligopep tides
Growth studies using an oligopeptide carrying an internal N-methyl group, glycylglycylsarcosine, showed that it could act as a source of glycine for M-123 (Fig. 2 ) , so Escherichia coli can both take up and cleave the tripeptide. However, exponential growth was not achieved with 0-5 to 3.0 mwtripeptide; a slow growth rate, varying with the concentration of the tripeptide was observed. The final growth yield on glycylglycylsarcosine was compatible with the utilization of only one glycine residue. Electrophoretic analysis of the products obtained by incubating the tripeptide with toluene-treated bacteria showed glycine and glycylsarcosine as the final digestion products. This limited cleavage reflects the lack of specificity of the relevant peptidase activities with respect to the methylation of the peptide bond contiguous to that cleaved ; it also indicates that the bacterial carboxypeptidases display strict specificity for an unsubstituted C-terminal peptide bond; and it substantiates the strict requirement of the dipeptidases for an unsubstituted peptide bond, indicated previously by the studies with glycylsarcosine.
The role of the oligopeptide transport system in tripeptide uptake was studied using a mutant of the glycine auxotroph that is defective in oligopeptide transport, but retains normal oligopeptidase activity (Payne, 1968; Gilvarg & Levin, 1971) . This mutant could not use glycine oligopeptides (Fig. 2) , although the growth response to glycine itself and to glycine dipeptides was identical to that seen with the original strain (Payne, 1968) . Glycylglycylsarcosine did not support growth of this mutant (Fig. 2 ) which suggests that glycylglycylsarcosine, like other glycine oligopeptides, enters the original strain by the oligopeptide transport system that is absent in the mutant. This result may be contrasted with an unpublished observation that glutathione, which also supports slow growth of the glycine auxotroph, does so equally in the original strain and the transport mutant, suggesting that this y-linked tripeptide does not use the oligopeptide transport system.
To further test the affinity of glycylglycylsarcosine for the transport system its ability to compete for uptake with other oligopeptides was studied. Glycylglycylsarcosine and triglycine were both effective in reversing the bactericidal effect of triornithine (Fig. 3) ; as the toxic effect of triornithine is a property of the peptide itself, and its degradation products are not inhibitory (Gilvarg & Levin, I97I), this relief of inhibition may be attributed to the glycyl-peptide competitors interfering with triornithine uptake and thereby preventing it from reaching an inhibitory internal concentration. The result confirms that glycylglycylsarcosine can use the oligopeptide transport system, indicating that the system can tolerate substitution of the second peptide bond.
The growth-limiting step responsible for the slow growth on glycylglycylsarcosine is not known, and it may be a low rate of uptake or cleavage or both. The triornithine competition
